Optimization of extraction and spray drying processes of Tongkat Ali extracts using response surface methodology by Wan Zamri, Wan Mastura
OPTIMIZATION OF EXTRACTION AND SPRAY DRYING PROCESSES OF 
TONGKAT ALI EXTRACTS USING RESPONSE SURFACE METHODOLOGY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WAN MASTURA BT WAN ZAMRI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
OPTIMIZATION OF EXTRACTION AND SPRAY DRYING PROCESSES OF 
TONGKAT ALI EXTRACTS USING RESPONSE SURFACE METHODOLOGY 
 
 
 
 
 
WAN MASTURA BT WAN ZAMRI 
 
 
 
 
 
A thesis submitted in fulfillment of the  
requirements for the award of the degree of 
Master of Engineering (Chemical) 
 
 
 
 
 
Faculty of Chemical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
SEPTEMBER 2014 
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dedicated to beloved Abah, Ummi, Abe, Maisarah, Manisah and Mawaddah. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
ACKNOWLEDGEMENTS 
 
 
 
 
 I am grateful to Allah that I could finish my thesis. In preparing this thesis, I was in 
contact with many people, researchers and academicians, who have helped and contributed 
towards my understanding and thoughts. First and foremost, I would like to convey my 
gratitude to my supervisors, Prof. Ramlan bin Aziz and Assoc. Prof. Dr. Azila bt Abd. 
Aziz for their guidance, encouragement, criticisms and advices throughout this project.  
 
 
 I wish to express my deep appreciation to Dr. Harisun and Mrs. Noor Hafiza for 
their moral support, suggestions and time for endless discussions. I indebted to Mrs. 
Roshanida for helpful advice and suggestions towards the application of the statistical 
software and analysis. I also like to thank all the research officer, research assistant and 
technicians of Institute Bioproduct Development (IBD), especially to Mr. Ismail, Mrs. 
Fashya, Mrs. Muna and Mr. Syafiq for their guides and assistances.  
 
 
  A great appreciation for staff and technicians of Laboratory of Faculty of Chemical 
Engineering and Natural Sources, Universiti Malaysia Pahang for permission in using the 
spray dryer and their technical supports during the experiments. I am also grateful to 
Ministry of Agriculture and Agro-based Industry, Malaysia under NKEA 1: NKEA Herbal 
Research Grant Scheme for funding my master study. 
 
 
 My sincere thankfulness also extends to all my colleagues, my beloved father, 
mother, siblings and those whom directly and indirectly had helped in making this project 
a success. Thank you.  
 
v 
 
ABSTRACT 
 
 
 
 
Tongkat Ali is a popular herb due to its various medicinal benefits. However, 
Tongkat Ali processing has a low yield and the quality and safety of spray dried Tongkat 
Ali had been an issue. Therefore, this study was done to optimize Tongkat Ali production 
process to obtain high quality and safe Tongkat Ali product. A Central Composite Design 
was employed to study the effects of solvent to raw material ratio, duration of extraction 
and particle size of raw material from Tongkat Ali extraction on total solid content and 
amount of eurycomanone. A Box Benhken Design was applied to determine the effects of 
inlet air temperature, feed temperature, air pressure and feed flow rate from Tongkat Ali 
spray drying process on the efficiency of spray drying. Effect of spray drying heat was 
investigated on four bioactive compounds of Tongkat Ali which were amount of 
eurycomanone, total polysaccharide, total protein, and total glycosaponins and its toxicity. 
The optimum condition for extraction process was achieved at 10:1 g/g of solvent to raw 
material ratio,1 hour of duration of extraction and 0.5-1.0 mm particle size which 
corresponded to 6.2290 mg/g solid content and 1.7139 % eurycomanone. Yield of extract 
at this condition was 6.8526 %. For spray drying process, the optimum condition was 
observed at 180 °C of inlet air temperature, 100 °C of feed temperature, 15.18 psi of air 
pressure and 5.44 ml/min of feed flowrate with 38.48 % efficiency of spray drying 
achieved.Temperature of the spray dryer was found to have no effect on the amount of 
eurycomanone, total polysaccharide, total glycosaponins and cytotoxicity except for total 
protein. Spray dried Tongkat Ali was safe to be used and no major difference was found in 
the cytotoxic test of both spray dried and freeze dried extracts. Response surface 
methodology was successful in identifying the optimal conditions of Tongkat Ali 
processing.  
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ABSTRAK 
 
 
 
 
 Tongkat Ali merupakan herbal terkenal kerana pelbagai kelebihannya dalam bidang 
perubatan. Walaubagaimanapun, pemprosesan Tongkat Ali mempunyai hasil yang rendah 
dan kualiti serta keselamatan Tongkat Ali hasil daripada pengeringan semburan menjadi 
isu. Olehitu, kajian ini telah dijalankan untuk mengoptimal pemprosesan produk Tongkat 
Ali bagi mendapatkan produk Tongkat Ali yang berkualiti tinggi dan selamat. Pusat 
rekabentuk komposit telah digunakan untuk mengkaji kesan nisbah pelarut kepada bahan 
mentah, tempoh pensarian dan partikel saiz bahan mentah daripada pensarian Tongkat Ali 
terhadap jumlah kandungan pepejal dan kuantiti eurycomanone. Box Benhken Design telah 
digunakan untuk mengkaji kesan suhu udara masuk, suhu masukan, tekanan udara dan 
kadar aliran masukan daripada pengeringan semburan Tongkat Ali terhadap kecekapan 
pengeringan semburan. Kesan pemanasan pengeringan semburan juga dikaji terhadap 
empat bioaktif kompaun dalam Tongkat Ali iaitu kuantiti eurycomanone, kuantiti 
polisakarida, kuantiti protein, dan kuantiti glikosaponin,dan juga toksisiti. Keadaan optimal 
untuk proses pensarian adalah pada 10:1 g/g nisbah pelarut kepada bahan mentah, 1 jam 
tempoh pensarian dan 0.5-1.0 mm partikel saiz bahan mentah bersamaan dengan 6.8526 
mg/g jumlah kandungan pepejal dan 1.7139 % kuantiti eurycomanone.  Hasil sarian pada 
keadaan ini adalah 6.8526 %. Untuk pengeringan semburan, keadaan optimal adalah pada 
180 °C suhu udara masuk, 100 °C suhu masukan, 15.18 psi tekanan udara dan 5.44 ml/min 
kadar aliran masukan dengan 38.48 % kecekapan pengeringan semburan. Suhu daripada 
pengeringan semburan tidak member kesan kepada kuantiti eurycomanone, kuantiti 
polisakarida, dan kuantiti glikosaponin,dan sitotoksik kecuali kepada kuantiti protein. 
Tongkat Ali hasil daripada pengeringan semburan selamat digunakan dan tiada perbezaan 
ketara dalam ujian sitotoksik bagi kedua Tongkat Ali yang hasilkan daripada pengeringan 
semburan dan pengeringan beku. Kaedah tindakbalas permukaaan Berjaya dalam 
mengenalpasti keadaan optimal untuk pemprosesan Tongkat Ali.  
